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A SIMPLE ORIENTATION ROBUST TRANSMIT POLARIZATION SIGNALLING
SCHEME
ABSTRACT
A special transmit polarization signalling scheme is pre-
sented to alleviate the power reduction as a result of polar-
ization mismatch from random antenna orientations. This
is particularly useful for hand held mobile terminals typ-
ically equipped with only a single linearly polarized an-
tenna, since the average signal power is desensitized agai-
nst receiver orientations. Numerical simulations also show
adequate robustness against incorrect channel estimations.
1. INTRODUCTION
Current generation mobile handsets are typically equipped
with a single, linearly polarized antenna at the RF front
end. As a consequence, the traditional downlink commu-
nication using linear to linearly polarized antennas is par-
ticularly susceptible to the reduction of power from the
misalignment of antenna polarizations. This power loss is
termed polarization mismatch, and could mean a 6 to 10
dB reduction in the average received signal power.
Introducing a second linearly polarized antenna to cap-
ture the signals in the orthogonal polarization on hand held
mobile terminals is certainly feasible, since polarization
diversity allows antenna elements to be co-located [1].
With this particular assembly, if one antenna were to fall
into misalignment, the presence of the second antenna at-
tempts to recover the signal from the orthogonal polariza-
tion. However, the implication is that additional hardware
must be installed onto all of the terminals to capture the
orthogonal polarizations, which may not be particularly
economical.
The transmission of circularly polarized signals could
be used to partially mitigate effects of polarization mis-
match, since components of the electric field exists in all
directions in the plane orthogonal to the direction of prop-
agation. However, as the signal propagates through the
channel the circular pattern is distorted into an ellipse [2].
The existence of a dominant polarization, given by the
major axis of the ellipse, implies that received power is
largely dictated by the channel.
The goal of this paper is to articulate a polarization
signalling scheme whereby the signal is preconditioned to
allow for robustness against antenna misalignment. For
robust performance against polarization mismatch, a suit-
able polarization pattern needs to be derived such that the
signal is transformed by the channel and arrives circu-
larly polarized. The proposed scheme requires channel
estimates at the transmitter, but a numerical treatment has
demonstrated system robustness against incorrect channel
estimations.
The structure of the paper is as follows. Section 2 ex-
plains the transmitter and channel models. Derivations of
the transmitter parameters required to achieve robustness
against polarization mismatch are in Section 3. A treat-
ment on the effects of imperfect channel estimations is
given in Section 4. Section 5 presents the results and fi-
nally Section 6 concludes the paper.
2. SYSTEM MODEL
2.1. Transmitter
At the transmitter, we consider two linearly polarized an-
tennas which have been mounted orthogonal to each other,
with one antenna transmitting in the vertical polarization
while the other transmits in the horizontal polarization.
The assumed antenna configuration is illustrated in Fig.
1. Collectively, the signal that is transmitted is an ellip-
tically polarized signal which may be written in complex
notation as
E =
[
Vx
Vy
]
=
[
A1e
j(ωt−θ1)
−jA2e
j(ωt−θ2)
]
, (1)
where Vx and Vy denotes the signals being sent through
the horizontal and vertical antennas respectively. The sig-
nals in each antenna will exhibit an independent ampli-
tude, A1 and A2 as well as independent phase θ1 and θ2,
but when the signals combine together, the tip of the elec-
tric field vector traces out an ellipse as a function of time,
in the plane orthogonal to the direction of propagation.
2.2. Channel
The channel is modelled as having four communications
links, as illustrated in Fig. 2. The polarization channel is
assumed to be complex Gaussian, and follows the same
conventions as Lotse [3] and Lee [4].
H =
[
Γ11e
jφ11 Γ12e
jφ12
Γ21e
jφ21 Γ22e
jφ22
]
(2)
H11 and H22 represent the copolarized channel in the
horizontal and vertical polarizations respectively, while
H12 and H21 represent the cross coupled polarized chan-
nels. The Γ variables are assumed to follow the Rayleigh
distribution, but are not assumed to possess identical aver-
age channel gains. The φ variables are assumed uniformly
distributed between the interval [0, 2pi). The polarization
channel matrix is assumed correlated.
Fig. 1. Transmitter assembly, Vx and Vy are orthogonal
linearly polarized antenna elements.
Fig. 2. Polarization channel.
3. TRANSMITTER PARAMETERS
As the transmitted signal propagates through the channel,
the polarization pattern is distorted. The distortion of the
signal is dictated by the channel matrix H. To achieve sys-
tem robustness against polarization mismatch as a conse-
quence of random orientation, it is desirable to have other
components of the electric field within the plane orthogo-
nal to the direction of propagation. Circular polarization
is well suited to this application since the tip of the electric
field vector traces out a circle, as a function of time, in the
plane orthogonal to the direction of propagation.
The transmission of a circularly polarized signal how-
ever, does not mean that the signal will arrive circularly
polarized at the receiver. The channel distorts the signal
and, in general, transforms the signal into an elliptically
polarized signal. An elliptically polarized signal can par-
tially mitigate the effects of polarization mismatch, but the
presence of a dominant polarization in the major axis of
the ellipse means that the average received power becomes
a function of receiver orientation.
The aim is to derive a suitable elliptically polarized
signal E such that the signal is transformed by the chan-
nel and arrives circularly polarized at the receiver. The
complex channel are initially assumed to be perfectly es-
timated and known at the transmitter. Incorrect channel
estimations are addressed in Section 4.
[
Γ11e
jφ11 Γ12e
jφ12
Γ21e
jφ21 Γ22e
jφ22
] [
Vx
Vy
]
=
[
ejωt
−jejωt
]
(3)
The parameters of the elliptical polarization within Vx
and Vy are calculated by expanding (3), equating the real
and imaginary parts to form a set of four simultaneous
equations, and then solving for A1, A2, θ1 and θ2
A1 =
√
Γ′222 + Γ
′2
12 + 2Γ
′
22Γ
′
12 sin (φ22 − φ12) (4)
A2 =
√
Γ′221 + Γ
′2
11 + 2Γ
′
21Γ
′
11 sin (φ21 − φ11) (5)
θ1 = arctan
(
−Γ′22 sin (φ
′
22)− Γ
′
12 cos (φ
′
12)
Γ′22 cos (φ
′
22)− Γ
′
12 sin (φ
′
12)
)
(6)
θ2 = arctan
(
Γ′21 cos (φ
′
21)− Γ
′
11 sin (φ
′
11)
Γ′21 sin (φ
′
21) + Γ
′
11 cos (φ
′
11)
)
(7)
with Γ′mn and φ′mn defined as
Γ′mn =
Γmn
rd
and φ′mn = φmn − θd .
Where rd and θd are used to represent the magnitude and
argument of the determinant
|H| =Γ11Γ22ej(φ11+φ22) − Γ12Γ21ej(φ12+φ21) (8)
=rde
jθd (9)
where
rd =Γ
2
11Γ
2
22 + Γ
2
12Γ
2
21
− Γ11Γ12Γ21Γ22 cos (φ11 + φ22 − φ12 − φ21)
(10)
tan (θd) =(
Γ11Γ22 sin (φ11 + φ22)− Γ12Γ21 sin (φ12 + φ21)
Γ11Γ22 cos (φ11 + φ22)− Γ12Γ21 cos (φ12 + φ21)
)
.
(11)
4. IMPERFECT CHANNEL ESTIMATION
The calculation of A1, A2, θ1 and θ2 requires the elements
within the channel polarization matrix H to be estimated
and available at the transmitter. Often, accurate channel
estimates are not readily available, especially in a fast fad-
ing channel. It is therefore of interest to see what happens
to the system performance given incorrect channel estima-
tions.
The estimate of the channel matrix, Ĥ, is modelled as
the sum of the actual channel matrix with a noise matrix
Ĥ =
[
Γ11e
jφ11 Γ12e
jφ12
Γ21e
jφ21 Γ22e
jφ22
]
+
[
n11 n12
n21 n22
]
. (12)
The elements within the noise matrix are assumed to be
complex Gaussian. Ĥ is used to compute the elliptical
polarization E. When combined with (3), it can be shown
that the received signal R becomes
R = ĤE − nE . (13)
It is clear from this expression that the received signal is
composed of a circularly polarized component ĤE, and
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Fig. 3. Power received in a single linearly polarized an-
tenna as a function of orientation. Power levels are shown
relative to the mean. While the elliptical scheme is in-
sensitive to polarization mismatch, the linear scheme is
shown to fluctuate within 6dB.
an elliptical component resulting from the noise term nE.
The resulting difference yields a pattern which is non cir-
cular in general. The axial ratio is employed to measure
the purity of the circular polarization. It is defined as the
ratio between the magnitudes of the electric field vector in
the major and minor axes described by the elliptical polar-
ization.
A numerical treatment using Monte-Carlo simulations
was performed to study the distributions of the axial ratio
given various levels of estimation noise. The results are
presented in the next section.
5. RESULTS
Firstly, the robustness of the proposed signalling scheme
against polarization mismatch is demonstrated. Here, we
consider an urban environment with a 6dB cross coupling
between the principal and orthogonal polarizations, and a
3dB attenuation was introduced into the horizontal polar-
ization, consistent with the measured data reported in the
literature [5] [6]. The channel is assumed to be weakly
correlated between the cross coupling paths, with a corre-
lation coefficient of 0.4. The correlated Rayleigh channel
was generated by using the method detailed in [7].
In Fig. 3, we present the averaged received power in
a single linearly polarized antenna as a function of the
antenna orientation, while transmitting in the traditional
linear polarization modality and the proposed elliptically
polarized modality. For linear polarization, given the ur-
ban environment, the power is seen to fluctuate within a
6dB range, and could potentially suffer a 4dB degradation
relative to the mean. The proposed elliptically polarized
transmission scheme, however, aims to provide a circu-
larly polarized signal at the receiver, which makes the re-
ceived power invariant to the orientation since equal com-
ponents of the electric field are spread radially in the plane
orthogonal to the direction of propagation. For this plot,
fifty thousand trials were conducted for each data point
across the 0 to 180 degree sweep.
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Fig. 4. Probability distribution of the axial ratio given dif-
ferent levels of signal to estimation noise ratio.
0 5 10 15 20 25 30
0
2
4
6
8
10
12
14
16
Ax
ia
l R
at
io
 (d
B)
Signal to estimation noise ratio (dB)
 
 
95% probability
90% probability
85% probability
Fig. 5. Axial ratio as a function of the signal to estimation
noise ratio at given cumulative probabilities.
Numerical treatment for the imperfect channel esti-
mations is presented in Fig. 4 and Fig. 5. We will use
the axial ratio as a figure of merit to represent the purity
of the circular polarization. The same urban environment
considered earlier was assumed. Error in the channel esti-
mation has been described previously in Section 4 and is
modelled as an additive complex white Gaussian noise.
Fig. 4 illustrates the probability distribution function
of the axial ratio for signal to estimation noise ratios of
10dB, 15dB and 30dB. In the modest scenario where the
SNR is 10dB, we see that 90% of the time, the axial ra-
tio is below 7.67dB. We see that as the accuracy of the
estimation increases, the axial ratio approaches 0dB.
Fig. 5 shows, for different values of the cumulative
probability, the axial ratio as a function of the signal to
estimation noise ratio. From this result, it is clear that if
no suitable estimation may be obtained, or if the estima-
tion is particularly noisy, the proposed scheme performs
poorly with axial ratios in excess of 10dB. High values of
axial ratio indicates severe deviation from the ideal circu-
lar polarization case. However, if the signal to estimation
noise ratio can be kept above 17dB, it is possible to ensure
that the axial ratio would remain less than 5.4dB 95% of
the time.
6. CONCLUSION
In this paper we have proposed a simple transmit polariza-
tion signalling scheme to overcome the power reduction as
a result of polarization mismatch. Given available chan-
nel estimations, a suitable polarization pattern is transmit-
ted such that the signal arrives circularly polarized at the
receiver. The accuracy and availability of channel esti-
mations is important for this scheme to function success-
fully. In cases where channel estimates are poor, axial ra-
tios may be in excess of 10dB, indicating that the received
polarization has deviated significantly from the ideal cir-
cular case. For signal to estimation noise ratios greater
than 17dB, it is possible to maintain an axial ratio less
than 5.4dB for 95% of the time.
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